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157] ABSTRACT

A solid msulator for an electric equipment coil is pro-
posed which comprises a base film of a polyester, and a
protective film of a resin selected from the group con-
sisting of polypropylene, polyester, fluoropolymer, and
aramid resin, which is formed on at least one major
surface of said base film. There is also proposed an
electric equipment coill comprising a winding which is
resistive to hydrolysis and chemicals, an insulating film
surrounding said winding, and a water-soluble insulat-
ing varnish filled and cured under heating between
turns of said winding, wherein satd insulating film com-
prises above said solid insulator.

14 Claims, 7 Drawing Figures
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SOLID INSULATOR AND ELECTRIC
EQUIPMENT COIL USING THE SAME

BACKGROUND OF THE INVENTION

‘The present invention relates to a solid insulator
which may be conveniently used in combination with a
water-soluble insulating varnish, and to an electric
equipment coil using the same. The present invention
further relates to a method for insulation treatment of an
electric equipment coil. |

As a solid insulator which may be used in combina-
tion with a water-soluble insulating varnish containing
as a solvent water or dimethyl ethanolamine, a poly-
imide film is known having excellent resistances to hy-
drolysis, chemicals and solvents, or a combination
thereof with another material. However, such an insula-
tor is expensive and may not be used in practice.

In view of this problem, it has been recently proposed
to use as such an msulator a heat-resistant aramid paper
having a thickness of 0.075 to 0.6 mm or a combination
thereof with another material. An insulator of this type
1s inexpensive. However, if such an insulator is actually
used as a slot insulator of an iron rotor core, and heat-
resistant aramid papers are adhered to both surfaces of
an inexpensive polyester film, the overall thickness of
the insulator becomes great. This results in a decrease in
space factor within the slots, and in complex assembly
operation due to poor slip characteristics of the heat-
resistant aramid paper.

If a polyester film is used alone as the insulator, the
above problem may be solved. However, the following
new problems are encountered. When the polyester film
is used alone, the solvent component such as water or
dimethyl ethanolamine contained in the varnish causes a
chemical reaction such as hydrolysis or crystallization
depending upon the combination of drying temperature
and time (e.g., 150° C. or higher for 4 hours or longer)
after varnish treatment. When such a chemical reaction
occurs, the tensile strength retention is decreased to
about 50%, which results in a decrease in flexibility, and
in degradation of the characteristics of the polyester
film. |

If a polyester wire which is generally used for a wind-
ing 1s combined with a water-soluble insulating varnish,
the polyester enamel film is chemically modified under

the heat of drying, resulting in degradation of dielectric
breakdown strength.

SUMMARY OF THE INVENTION

The present invention has been made in consideration
of this and has for its object to provide a solid insulator
which 1s not subject to degradation of its characteristics
by chemical reactions such as hydrolysis or crystalliza-
tion which may occur when the insulator is used in
combination with a water-soluble insulating varnish.

It i1s another object of the present invention to pro-
vide a solid insulator which is capable of exhibiting
excellent characteristics in combination with a water-
- soluble insulating varnish, is inexpensive, is thin, and is
suitable as a ground insulator or an interphase insulator
for an electric equipment winding, and to provide an
electric equipment winding which is treated for insula-
tion and which comprises such a solid insulator, a syn-
thetic resin enamel wire with excellent resistances to
hydrolysis, chemicals and solvents, and a water-soluble
insulating varnish.
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It i1s still another object of the present invention to
provide a method for insulation treatment of an electric
equipment coil, which 1s capable of suppressing degra-
dation of the characteristics of a solid insulator due to
reaction with a water-soluble insulating varnish, and
which results in good productivity.

According to an aspect of the present invention, there
is provided a solid insulator comprising: a base film of a
polyester; and a protective film of a resin selected from
the group consisting of polypropylene, polyester, fluo-
ropolymer such as polytetrafluoroethylene, and aramid
resin, which is formed on at least one major surface of
said base film.

According to another aspect of the present invention,
there is also provided an electric equipment coil com-
prising a winding, an insulating film surrounding said

winding, and a water-soluble insulating varnish filled

and cured under heating between turns of said winding,
wherein said winding comprises a synthetic resin
enamel wire with excellent resistances to hydrolysis,
chemicals and solvents; and said insulating film com-
prises a base film of a polyester, and a protective film of
a resin selected from the group consisting of polypro-
pylene, polyester, fluoropolymer such as polytetrafluo-
roethylene, and aramid resin, which is formed at least
on one major surface of said base film.

According to still another aspect of the present inven-
tion, there is also provided a method for insulation treat-
ment of an electric equipment coil, comprising the steps
of surrounding a winding of a synthetic resin enamel
wire having excellent resistances to hydrolysis, chemi-
cals and solvents with an insulating film of a polyester,
impregnating turns of said winding with a water-soluble
insulating varnish, and heating to cure said insulating
varnish, wherein the heating step is performed at 140° to
150° C. for 2.5 to 5.0 hours.

- The polyester to be used herein is an unsaturated
polyester resin.

According to the present invention, the base film of a
polyester for the solid insulator preferably has a thick-
ness of 0.075 to 0.350 mm considering mechanical char-

~acteristics such as tensile strength or shear strength;

electrical characteristics such as dielectric breakdown
voltage; nerve during assembly; space factor in installa-
tion and the like. The thickness of the base film may of
course be selected freely depending an application.

The thickness of the protective film formed on at
least one major surface of the base film is suitably se-
lected in accordance with the application of the insula-
tor and the characteristics of the resin used. Depending
upon the type of resin of the protective layer used, it
may be directly adhered or coated onto the base film or
may be adhered thereto with an adhesive.

When the thickness of the polypropylene film is less
than 0.01 mm, the protecting function of the base film

- comprising the polyester film against a chemical reac-

60

63

tion with a water-soluble insulating varnish is signifi-
cantly degraded. On the other hand, if the thickness.of
the polypropylene film is more than 0.06 mm, the com-
posite insulator of the polypropylene film with the poly-
ester film as a base film becomes considerably thick.
When such a composite insulator is used for a slot insu-
lator of a rotor core, the space factor within the slot (the
ratio of the cross-sectional area of the winding to that of
the slot) is significantly degraded. For these reasons, the
thicknesses of the films must be selected within the
ranges as described above. '
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The polypropylene film may be welded to the polyes-
ter base film instead of adhered thereto.

If a polyester film is used as a protective film, an
adhesive with flexibility such as a synthetic resin adhe-
sive is preferably used. The protective film and the base
film are adhered through a layer of the adhesive having
a thickness of preferably about several microns. The
thickness of the polyester protective layer is preferably
kept to be greater than (e.g., several to about 20 microns
at 130° to 150° C. for 7 to 25 hours) the depth of cleav-
age which is caused by chemical reactions with a sol-
vent contained in the water-soluble insulating varnish
such as water or dimethyl ethanolamine. The thickness
of the polyester protective layer is selected to be within
the range of, for example, 0.025 to 0.075 mm. The pro-
tective layer of a polyester is modified by chemical
reactions with the water-soluble insulating varnish and
is thus degraded in characteristics. However, by the
synergistic effect with the blocking and relaxing func-
tions of the adhesive layer, the polyester base film is
protected to prevent degradation of its characteristics.
The range of thickness of the polyester protective layer
may be selected in accordance with the application of
the insulator.

If fluoropolymer such as polytetrafluoroethylene is
used for the protective film, it preferably has a thickness
of 0.010 to 0.100 mm and is preferably adhered with a
silicone- or epoxy-type resin. If the thickness of the
protective film of polytetrafluoroethylene is less than
0.010 mm, the protective effect against chemical reac-
tion with a water-soluble insulating varnish and the
suppressive effect on thermal degradation are signifi-
cantly degraded. On the other hand, if the thickness of
the protective film of polytetrafluoroethylene 1s more
than 0.100 mm, it provides an insulator of too great a
thickness when combined with the polyester base film.

If an aramid resin is used for the protective film, 1t is
coated and baked on a polyester base film to a thickness
of 0.005 to 0.075 mm. If the thickness of the aramid
protective film is less than 0.005 mm, coatability and
uniformity of the film are poor and pinholes tend to be
formed. On the other hand, when the thickness of the
aramid protective film is more than 0.075 mm, it pro-
vides an insulator of too great a thickness when com-
bined with the polyester base film.

Examples of a winding of a synthetic resin enamel
wire with excellent resistances to hydrolysis, chemicals
and solvents to be used herein may include an ester
imide wire, an amide-imide resin wire, and a theic-type
polyester wire (tris-2-hydroethyl-isocyanate-type poly-
ester wire).

The water-soluble insulating varnish may be a known
water-soluble insulating varnish which contains, as a
solvent, water, dimethyl ethanolamine or the like.

According to the present invention, a suitable resin
layer is formed as a protective layer on a polyester base
film. This protective layer or the protective layer with
the adhesive serve to block adverse effects of chemical
reactions such as hydrolysis or crystallization which
may be caused when combined with the solvent compo-
nent contained in the water-soluble insulating varnish
such as water or dimethyl ethanolamine, depending
upon various combinations of drying temperature and
time. Thus, the protective layer effectively prevents
degradation of the characteristics of the polyester base
film. Furthermore, since the protective film is made of
an inexpensive material, the resultant insulator may be
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manufactured at cheaper cost than conventional insula-
tors.

With the structure of the insulator as described
above, the three-layered structure does not resultin too
great an overall thickness, so that degradation of the
space factor as a slot insulator of an iron rotor core may
be prevented, and assembly may be facilitated.

According to the present invention, oxidation degra-
dation which is the main cause of thermal degradation
may be prevented. Therefore, the insulator of the pres-
ent invention, in particular when fluoropolymer, aramid
resin or aramid resin/polyester is employed as a protec-
tive layer, can provide class F insulation (i.e., can with-
stand a maximum temperature of 155° C.).

Since the protective layer of a resin as described
above is formed on the surface of a polyester base film,
a decrease in the initial tensile strength of the solid
insulator is suppressed to at least less than 50%, or to
less than 40% in most cases.

If a polyester amide-imide wire, an ester imide wire,
or a theic-type polyester wire is used as the winding, the
characteristics are not substantially degraded at a tem-
perature of 160° C. or less, independently of the hea-

ting/drying time.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of an iron core slot of a
rotor coil according to an embodiment of the present
invention; |

FIG. 2 is a sectional view of a solid insulator accord-
ing to the embodiment of the present invention;

FIG. 3 is a graph showing tensile strength retention
of the solid insulator of the present invention as a func-
tion of heating time in comparison with that of the
conventional insulator; |

FIG. 4 is a graph showing the tensile elongation re-
tained of the solid insulator of the present invention as a
function of heating temperature in comparison with that
of the conventional insulator; and

FIGS. 5 to 7 are graphs showing characteristics of an
insulator as a function of treatment conditions for ex-
plaining the method for insulation treatment of an €lec-
tric equipment coil according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 is a view wherein the present invention is
applied to a rotor coil winding, and specifically shows a
section of the iron core slot. As shown in FIG. 2, a solid
insulator 7 of a multilayered structure comprises a base
film 7a of a polyester film having a thickness of 0.075 to
0.350 mm, an adhesive layer 7b applied to both surfaces
of the base film 7a (the adhesive layer 70 may be omit-
ted), and a protective layer 7¢ having a predetermined
thickness formed on each adhesive layer 7b. A slot
insulator 8 obtained by forming the solid insulator 7 into
a substantially U-shape is arranged inside a slot 2. A
winding 9 is formed in the slot insulator 8, and com-
prises a synthetic resin enamel wire with excellent resis-
tances to hydrolysis, chemicals and solvents, such as an
ester imide wire, an amide-tmide wire, or a theic-type
polyester wire. |

As shown in FIG. 1, an interphase insulator 12 ob-
tained by bending the solid insulator 7 into a substan-
tially U-shape may be inserted at a suitable position of
the winding. An insulating wedge 10 obtained by form-
ing the solid insulator 7 into a substantially circular
shape is applied to securely hold the winding 9 and to
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insulate the winding from an iron core 1. Thereafter, the
interior of the slot 2 1s impregnated with a water-soluble
insulating varnish and the winding end is impregnated
with a thermosetting resin 11. The varnish and the resin
11 are dried at a drying temperature of 130° to 160° C.
to cure them, thus preparing an integral coil.

The mechanical characteristics such as tensile
strength or shear strength of the solid insulator 7 having
a three-layered structure and the electric characteristics
such as dielectric breakdown voltage thereof mostly
depend upon those of a polyester film having a thick-
ness of 0.075 to 0.350 mm as the base film 7a. The chem-
ical reactions such as hydrolysis or crystallization of the
base film 7a with the solvent content in a water-soluble
insulating varnish such as water or dimethyl ethanol-
amine which depend on the combinations of drying
time and temperature are prevented by the protective
layer 7¢ (or the combination thereof with the adhesive
7b) formed on each surface of the base film 7a. Degra-
dation of the characteristics of the base film 7a is thus
prevented.

If a polyester film alone 1s used as a class F insulator
as in the conventional case, or is used in combination
with a water-soluble insulating varnish, it causes a
chemical reaction with water, dimethyl ethanclamine
or the like contained in the varnish. According to the
results of a test under working conditions (heating tem-
perature: 160° C.), as seen from characteristic curve A
~1n FIG. 3, the tensile strength retention is degraded to
less than about 509%. When the film is bent, the surface
layer causes cleavage of about 0.02 mm depth, which
presents a problem in operation. In contrast to this, in
characteristic curve B of the example of the present
invention (using a polytetrafluoroethylene film), degra-
dation of the characteristics of the base film 7a is signifi-
cantly prevented. Heat resistance of the insulator is also
improved since the thermal degradation of the base film
7a 1s prevented by blocking of the supply of oxygen by
the protective layers 7c having heat resistance satisfying
class F insulation. FIG. 4 shows the results obtained in
a test of thermal degradation. In comparison to charac-
teristic curve C of a polyester film alone, in characteris-
tic curve D of the example of the present invention
(with a polytetrafluoroethylene film), the decrease in
the tensile elongation retention is significantly reduced
to improve heat resistance by 15° to 25° C. Thus, the
characteristics of the solid insulator 7 of the example of
the present invention are satisfactory for class F insula-
tion. When this solid insulator 7 is used in combination
with a water-soluble insulating varnish, degradation of
the characteristics by chemical reactions with the sol-
vent content in the varnish which depend upon the
combination of the drying time and temperature are
reduced to the minimum, providing class F insulation.
Especially when a polytetrafluoroethylene film is used
as the protective layer 7¢, the slip characteristics of the
surface of the solid insulator 7 are improved to allow
Insertability equivalent to or better than that obtainable
with a polyester film alone.

The solid insulator 7 need not be limited to a slot
insulator or an insulating wedge but may be extended to
a ground insulator, an interphase insulator or the like,
used in windings which will be brought into contact
with a water-soluble insulating varnish.

The present invention is not therefore limited to the
particular embodiments described in the text and illus-
trated in the drawings, and various changes and modifi-

10

6

cations may be made within the spirit and scope of the
present invention. | |

For example, depending upon the type or application
of equipment to use an insulator, a water-soluble insulat-
ing varnish is applied to only one surface of the insula-
tor. In such a case, similar effects as those obtained with
an insulator of three-layered structure may be obtained
with a two-layered structure wherein a protective layer
1s formed only on one surface of the base film.

In the embodiments described above, a description is

- made with reference to an insulator wherein a protec-
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tive film is formed on each surface of a polyester base
film to prevent degradation of the characteristics of the
base film. However, even if a polyester base film alone
18 used in an electric equipment coil, it may be subjected
to a method for insulation treatment according to the
present invention considering the effects of the method
which may act on the other parts of the winding. If such
a method is adopted, the degradation of the characteris-
tics of the polyester base film may be suppressed to a
practically acceptable degree.

More specifically, according to this method, a polyes-
ter film is used as a solid insulator. As a winding, a
synthetic resin enamel wire is used which has excellent
resistances to hydrolysis, chemicals and solvents, such
as an ester imide wire or a theic-type polyester wire
(e.g., trade name: ISONEL-200; a product of Schenec-
tady Chemical Inc. U.S.A.). The spaces between the.
polyester film and the winding are impregnated with a
water-soluble insulating varnish and the structure is
dried at a heating temperature of 140° to 150° C. for 2.5
to 5 hours. When this method is adopted, the degrada-
tion of the tensile strength retention of the polyester
film is suppressed to less than 50%.

FIGS. 5 and 7 show criticality of the drying condi-
tions. FIGS. 5 to 7 show tensile strength retention (%)
or required drying time (Hr) as a -function of drying
time or temperature when a solid insulator is a polyester
film of 0.35 mm thickness, a winding is an ester imide
wire, and the spaces therebetween are impregnated
with a water-soluble insulating varnish containing wa-
ter, butyl “Cellosolve” or dimethyl ethanolamine. FIG.
5 shows the case wherein the heating temperature is
kept at 150° C.; and in FIG. 6 curve A represents the
case wherein the drying time is 2 hours, curve B repre-
sents the case wherein the drying time is 5 hours, curve
C represents the case wherein the drying time is 7
hours, and curve D represents the case wherein the
drying time is 24 hours.

As may seen from FIGS. 5 to 7, the tensile strength'
retention may be kept above 50%, thus providing satls-
factory characteristics.

In the above description, the present invention is
applied to a rotor coil winding as an example. However,
the present invention may be similarly applied to trans-
former windings or control unit windings.

What we claim is: |

1. A solid multi-layered insulator comprising: a base
film of a polyester impregnated with a water-soluble
insulating varnish; and a protective film of a resin se-
lected from the group consisting of polypropylene,
polyester, fluoropolymer, and aramid resin, which is
formed on at least one major surface of said base film.

2. A three-layered insulator according to claim 1,

wherein said impregnated polyester base film has a |
thickness of 0.075 to 0.350 mm.
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3. An insulator according to claim 1, wherein said
protective layer comprises a polypropylene film having
a thickness of 0.01 to 0.06 mm. |

4. An insulator according to claim 1, wherein said
protective layer comprises a polyester film which has a
thickness of 0.025 to 0.075 mm and which is adhered to
said base film through an adhesive.

5. An insulator according to claim 1, wherein sald
protective layer comprises a fluoropolymer film havmg

a thickness of 0.010 to 0.100 mm.

6. An insulator according to claim 1, wherein said
protective layer comprises an aramid resin film having a
thickness of 0.005 to 0.075 mm.

7. An electric equipment coil comprising a winding, a
water-soluble varnish impregnated insulating film sur-

a synthetic resin enamel wire with excellent resistances
to hydrolysis, chemicals and solvents; and said insulat-
ing film comprises a base film of a polyester, and a
protective film of a resin selected from the group con-

sisting of polypropylene, polyester, fluoropolymer, and

aramid resin, which is formed at least on one major

surface of said base film. |
8. A coil according to claim 7, wherein said winding

‘comprises a member selected from the group consisting

10

15

. rounding said winding, wherein said winding comprises .

o

20

23

30

35

45

50

35

60

65

8
of a polyester amide wire, an ester imide wire, and 2
theic-type polyester wire.

9. A coil according to claim 7, wherein said base film
has a thickness of 0.075 to 0.350 mm.

- 10. A coil according to claim 7, wherein said protec-
tive layer comprises a polypropylene film having a
thickness of 0.01 to 0.06 mm.

11. A coil according to claim 7, wherein said protec-
tive film comprises a polyester film which has a thick-
ness of 0.025 to 0.075 mm and which is adhered to said
base film through an adhesive.

12. A coil according to claim 7, wherein said protec-
tive layer comprises a fluoropolymer film having a
thickness of 0.010 to 0.100 mm. |

13. A coil according to claim 7, wherein said protec-
tive layer comprises an aramid resin film having a thick-
ness of 0.005 to 0.075 mm.

14. A method for insulation treatment of an electric
equipment coil, comprising the steps of surrounding a
winding of a synthetic resin enamel wire having excel-
lent resistances to hydrolysis, chemicals and solvents
with an insulating film of a polyester; impregnating
turns of the polyester insulated winding with a water-
soluble insulating varnish; and heating to cure satd insu-
lating varnish; wherein the heating step i1s performed at
140° to 150° C. for 2.5 to 5.0 hours.

* % % Xk X
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